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FREQUENCY SCHEME FOR DATA TRANSMISSION SYSTEMS 

5 Cross-Reference to Related Application : 

This application is a continuation of copending International 
Application No. PCT/DE01/04961 , filed December 28, 2001, which 
designated the United States and was not published in English. 

Background of the Invention : 
Field of the Invention : 
The invention relates to a data transmission system that has 
at least two stations between which data bursts are 
interchanged via radio technology. The invention also relates 
to a method for data transmission between at least two 
stations via radio paths using a frequency hopping method. 

Data transmission systems such as these are used whenever data 
is intended to be interchanged over short distances via radio, 
20 that is to say for example for interchanging data between the 
base part and the mobile part of a cordless telephone. Other 
examples relate to interchanging data between a PC and 
peripherals, between the game pad of a game console and the 
associated fixed station, etc. 

25 
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Various unlicensed frequency bands are reserved for such 
digitally cordless communications systems, such as WDCT, 
Bluetooth, and HomeRF, that is to say what are referred to as 
the industrial scientific and medical (ISM) frequency bands, 
5 for example at 2.4 GHz . 

Data transmission from the base station to the mobile station 
is referred to as the downlink. The converse situation, when 
data is transmitted from the mobile stations to the base 
10 station, is referred to as the uplink. Data bursts are 

normally interchanged between the stations using a method 
based on time slots, or time division multiple access (TDMA) . 

The responsible standardization authority, the Federal 
15 Communication Commission (FCC) , has defined rules governing 

the manner in which data should be interchanged for use of the 
ISM frequency bands. One of these rules states that wireless 
data transmission must be carried out using a frequency 
hopping method (Frequency Hopping Spread Spectrum) . The rules 
20 also stipulate how many frequency changes must be carried out 
within specific time intervals. 

In order to make it possible to make the necessary changes to 
the transmission frequency, the transmitter-end and receiver- 
25 end local oscillators must in each case be stabilized at new 
oscillator frequencies. Every change in the transmission 



Lj 6c Li- XUU<±D 

frequency requires a time for the frequency synthesizers to 
stabilize at the respective new transmission frequency. The 
stabilization times have to be taken into account by use of 
guard time intervals between the transmission data bursts, and 
5 this reduces the data transmission rate. 

A transmission and reception system which has two frequency 
synthesizers is described in Patent Abstract of Japan JP 04 
334222 A, in which one frequency synthesizer is responsible for 
10 up-mixing the signal that is to be transmitted in the 

transmission section, and the other frequency synthesizer is 
responsible for down-mixing a received signal in a reception 
section. 

15 Summary of the Invention : 

It is accordingly an object of the invention to provide a 
frequency scheme for data transmission systems that overcomes 
the above-mentioned disadvantages of the prior art devices and 
methods of this general type, which allows a higher data 

20 transmission rate with a simplified method of operation. 

With the foregoing and other objects in view there is 
provided, in accordance with the invention, a data 
transmission system. The data transmission system contains 
25 at least two stations between which data bursts are 

interchanged via radio. The stations include a first station 



having a first transmitter which up-mixes the data bursts from 
baseband to a first channel mid- frequency and transmits them, 
and a first receiver receiving the data bursts at a second 
channel mid- frequency and down-mixes them to an intermediate 
5 frequency. The first station has a first local oscillator 

producing a first local frequency required for up-mixing from 
the baseband to the first channel mid- frequency and required 
for down-mixing from the second channel mid- frequency to the 
intermediate frequency. A second station has a second 
10 transmitter for up-mixing the data bursts from the baseband to 
the second channel mid-frequency and transmits them, and a 
second receiver receiving the data bursts at the first channel 
mid-frequency and down-mixes them to the intermediate 
frequency. A frequency hop between the first channel mid- 
15 frequency used for a downlink transmission from the first 
station to the second station and the second channel mid- 
frequency used for an uplink transmission from the second 
station to the first station has a magnitude corresponding to 
a magnitude of the intermediate frequency. The second station 
20 has a second local oscillator producing a second local 

frequency required for up-mixing from the baseband to the 
second channel mid- frequency and required for down-mixing from 
the first channel mid- frequency to the intermediate frequency. 

25 The data transmission system according to the invention has at 
least two stations between which data bursts are interchanged 
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via radio. The first station has a first transmitter which 
up-mixes data bursts from baseband to a first channel mid- 
frequency and transmits them, as well as a first receiver 
which receives data bursts at a second channel mid- frequency 
5 and down-mixes them to an intermediate frequency. The second 
station has a second transmitter which up-mixes data bursts 
from baseband to the second channel mid- frequency and 
transmits them, as well as a second receiver which receives 
data bursts at the first channel mid- frequency and down-mixes 

10 them to the intermediate frequency. In this case, the first 
station has a local oscillator, which produces the local 
frequency which is required for up-mixing from baseband to the 
first channel mid- frequency and which is required for down- 
mixing from the second channel mid- frequency to the 

15 intermediate frequency. The second station has a local 
oscillator, which produces the local frequency which is 
required for up -mixing from baseband to the second channel 
mid- frequency and which is required for down-mixing from the 
first channel mid- frequency to the intermediate frequency. 

20 

According to the invention, the difference between the first 
channel mid- frequency that is used for the downlink 
transmission from the first intermediate station to the second 
intermediate station and the second channel mid- frequency, 
25 which is used for the uplink transmission from the second 
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station to the first station, corresponds to the intermediate 
frequency that is used. 



The advantage of choosing the two transmission frequencies in 
5 this way is that the respective local oscillator frequencies 
in the first station and in the second station no longer need 
to be switched between the downlink transmission and the 
uplink transmission, as has been necessary until now. There 
is no longer any need to change over the local oscillators 

10 between the downlink transmission from the first station to 

the second station and the uplink transmission from the second 
station to the first station. For this reason, there is no 
need for any stabilization phase between the downlink 
transmission and the uplink transmission, and the 

15 corresponding guard time interval can be shortened. This 
allows higher data transmission rates than in the past. 

In other words, when transmitting data between two stations, a 
transmitter-end baseband signal must first be up-mixed using a 

20 transmitter-end oscillator frequency to the first channel mid- 
frequency. In the second station, the signal that is received 
at the first channel mid- frequency is down-mixed by a 
receiver-end oscillator frequency to an intermediate 
frequency, and the rest of the signal evaluation is then 

25 carried out at the intermediate frequency. According to the 
invention, the local oscillator frequency which is used for 



down-mixing in the second station is also used for up-mixing 
from the baseband to the second channel mid- frequency the 
signal which is to be sent back. Since the baseband signal 
and the intermediate frequency signal differ by precisely the 
5 intermediate frequency Af , this results in a frequency hop of 
the same magnitude as the intermediate frequency between the 
first channel mid-frequency and the second channel mid- 
frequency. 

The signal that is transmitted back at the second channel mid- 
frequency can be received in the first station, and can be 
down-mixed to the intermediate frequency using the unchanged 
oscillator frequency that is used there. There is therefore 
no need to change the local oscillator frequency in the course 
of downlink transmission and uplink transmission, either at 
the first station or at the second station. Nevertheless, the 
first channel mid- frequency differs from the second channel 
mid- frequency, to be precise precisely by the intermediate 
frequency. Therefore, it is possible to comply with the FCC 
requirement to carry out a minimum number of frequency changes 
within specific time intervals with a smaller number of 
changes to the local oscillator frequency. This also 
simplifies the control of the local oscillators. 

25 It is advantageous for the first channel mid-frequency to be 

chosen on a pseudo-random basis. A matching frequency hopping 
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sequence is defined for this purpose at the transmitter end 
and at the receiver end. The subsequent second channel mid- 
frequency is then obtained from the respective pseudo- randomly 
determined first channel mid- frequency by addition or by 
5 subtraction of the intermediate frequency. 



It is advantageous for the data to be transmitted using a 
frequency hopping method, with the channel mid- frequency being 
changed after each transmitted data burst. It is also 

10 advantageous for the channel mid- frequency to remain constant 
during the transmission of a data burst. This ensures that no 
change in the transmission frequency need occur during a data 
burst. The change in the transmission frequency and, 
possibly, the restabilization of the frequency synthesizer can 

15 thus take place during the pauses between two data bursts. 



According to a further advantageous embodiment of the 
invention, a noninteger multiple of the channel separation 
(for example 1 MHz for the 2.4 Ghz frequency band) is chosen 

20 as the intermediate frequency (or as the difference between 

the first and the second channel mid- frequencies) . This leads 
to a pattern of transmission and reception frequencies that 
are offset with respect to one another. This makes it 
possible to avoid crosstalk between different channels, and 

25 results in a reduction in co-channel and adjacent channel 
interference. 



-8- 



It is particularly advantageous for the local oscillators to 
be frequency-stabilized by a phase locked loop. A 
configuration such as this allows the mixing frequencies that 
5 are required in the various transmission and reception 

appliances to be produced with the required accuracy, with 
little physical complexity. 

According to a further advantageous embodiment of the 
10 invention, the data transmission system has a method or device 
for producing guard time intervals between the various data 
bursts. One reason for the necessity to provide guard time 
intervals between the various data bursts is the clock 
discrepancies between the local oscillators located in 
15 different stations. Clock discrepancies such as these that 

are caused, for example, by clock drift can lead to an overlap 
between different data bursts. Guard time intervals of 
appropriate duration must be provided in order to prevent a 
second data burst from being received while a first data burst 
20 is still being transmitted. If the local oscillator frequency 
has to be changed between two data bursts, a longer guard time 
interval must be provided, whose duration corresponds at least ' 
to the duration of the stabilization process. 

25 It is advantageous for the length of the guard time interval 
between the downlink transmission from the first station to 
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the second station and the uplink transmission from the second 
station to the first station to correspond approximately to 
the clock drift of the respective oscillators. With the 
solution according to the invention, there is no need to reset 
5 the local oscillator frequency between a downlink transmission 
and an uplink transmission. The required guard time interval 
may thus be chosen to be shorter than for previous solutions, 
in which restabilization of the local oscillators was 
necessary. 

10 

According to a further advantageous solution, the stations 
have a method or device for producing identification 
information (CAC) at the start of the transmission of each 
data burst. When a data burst is received, the identification 
15 information can be used to deduce whether this belongs to the 
same piconetwork as the receiver station, or whether this is 
not the case. 

According to a further advantageous refinement of the 
20 invention, one of the stations is a base station and the other 
is a mobile station. Many data transmission systems have a 
small mobile part that is easy to handle. These may be 
telephone handsets, gamepads, or organizers, etc., via which 
the user makes his input. 

25 
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It is particularly advantageous for the data transmission 
system to be used in cordless communications systems. It is 
also advantageous for the data transmission system to be used 
in computer-controlled games systems. 

5 

In the method according to the invention for data transmission 
between at least two stations via radio paths using a frequency 
hopping method, a first signal is first up-mixed from baseband 
and is transmitted at a first channel mid- frequency from a first 

10 station to a second station, with the local frequency which is 
required for up-mixing from baseband to the first channel mid- 
frequency and which is required for down-mixing from the second 
channel mid- frequency to the intermediate frequency being 
produced by a local oscillator in the first station. The 

15 first signal is received by the second station and is down- 
mixed to an intermediate frequency. The second station then 
up-mixes a second signal from the baseband and transmits it at 
a second channel mid-frequency to the first station, with the 
local frequency which is required for up-mixing from baseband 

2 0 to the second channel mid- frequency and which is required for 
down-mixing from the first channel mid- frequency to the 
intermediate frequency being produced by a local oscillator in 
the second station. According to the invention, the first 
channel mid- frequency and the second mid- frequency differ 

25 precisely by the intermediate frequency. The second signal is 
received by the first station and is down-mixed to the 



intermediate frequency. If the first channel mid- frequency 
and the second channel mid- frequency are chosen in accordance 
with the invention, there is no need for any time-consuming 
resetting of the oscillator frequencies either at the 
5 transmitter end or at the receiver end. 

Other features which are considered as characteristic for the 
invention are set forth in the appended claims. 

10 Although the invention is illustrated and described herein as 
embodied in a frequency scheme for data transmission systems, 
it is nevertheless not intended to be limited to the details 
shown, since various modifications and structural changes may 
be made therein without departing from the spirit of the 

15 invention and within the scope and range of equivalents of the 
claims . 

The construction and method of operation of the invention, 
however, together with additional objects and advantages 
2 0 thereof will be best understood from the following description 
of specific embodiments when read in connection with the 
accompanying drawings. 
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Brief Description of the Drawings : 

Fig. 1 is an illustration of a data transmission system that 
contains one base station and four mobile stations according 
to the prior art; 

5 

Fig. 2 is an illustration of a burst structure that is used 
for interchanging data between the base station and the mobile 
stations; 

10 Fig. 3A is an illustration of a frequency scheme for 

transmitter-end and receiver-end local oscillator frequencies, 
and the transmission frequencies that are used; and 

Fig. 3B is an illustration of an alternative frequency scheme 
15 to the scheme shown in Fig.3A. 

Description of the Preferred Embodiments : 

Referring now to the figures of the drawing in detail and 
first, particularly, to Fig. 1 thereof, there is shown a data 

20 transmission system which contains a base station B and, by 

way of example, four mobile stations Mi (i = 1, 4). The 

base station B may transmit data via radio to each of the 
mobile stations Mi. The mobile station Mi can likewise 
transmit data via radio to the base station B. For data 

25 transmission via radio, the base station B and the mobile 
stations Mi each have a local oscillator LO. A data 
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transmission system such as this containing a base station and 
N mobile stations is referred to as piconetwork, and has only 
a short range. 

5 Fig. 2 shows data bursts being interchanged between the base 
station B and the mobile stations Mi, Mj over a period of 
time. First, a data burst "B— >Mi" is transmitted from the base 
station B to the mobile station Mi (downlink) . 

10 The data is transmitted at a channel mid-frequency f 2n ; the 
transmission time period is TBM1 . The transmission of the 
n-th downlink data burst is followed by a guard time interval 
ATI during which no data is transmitted. The uplink data 
burst u Mi-»B" is then transmitted back from the mobile station 

15 Mi to the base station B. For the solution according to the 
invention, the channel mid- frequency f 2n +i is used for the 
uplink transmission and, in the solution according to the 
invention, this differs by the intermediate frequency Af from 
the previously used channel mid- frequency f 2n - The 

20 transmission duration of the n-th uplink data burst "Mi^B" is 
TMB1. The transmission of the data burst is followed by the 
guard time interval AT2 . 

The solution according to the invention allows different 
25 frequencies to be used for transmission of the data bursts 



-14- 



"B->Mi" and "Mi-»B" , thus making it possible to comply with the 
requirement for frequent frequency changes in accordance with 
the FCC Standard, without the local oscillators having to be 
restabilized during the guard time interval ATI. The guard 
5 time interval ATI is thus of such a length that clock 

discrepancies between the transmitter and receiver can be 
compensated for, in order in this way to prevent any overlap 
between the data bursts. 

During the guard time interval AT2, the transmitter-end and 
receiver-end local oscillators are then set to new 
frequencies. The frequencies are chosen on a pseudo-random 
basis using a predetermined frequency hopping scheme. In 
order to ensure that a stable local oscillator frequency is 
available at the start of the transmission of the data burst 
U B— »Mi", the duration of the guard time interval AT2 is chosen 
to match the stabilization time of the phase locked loops 
(PLL) . The advantage of the solution according to the 
invention is therefore that ATI can be chosen to be shorter 
than AT2 . 

Each of the data bursts that are shown in Fig. 2 has different 
groups of data and information. By way of example, in the 
Bluetooth Standard, identification information channel access 
25 code (CAC) for the piconetwork is transmitted at the start of 
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a data burst, followed by the actual data block that is to be 
transmitted, with header information H, payload data D and a 
check bit pattern cyclic redundancy check (CRC) for error 
identification and correction for the transmitted payload data 
5 D. 

Figs. 3A and 3B show two alternative frequency schemes for 
transmitting data between the base station B and the mobile 
station Mi. 

10 

The situation illustrated in Fig. 3A will be described first. 
The signal to be transmitted is in the form of a baseband 
signal 1 at the base station B end, and the signal is intended 
to be transmitted in a first data burst "B-»Mi" to the mobile 

15 station Mi. For this purpose, the baseband signal 1 is up- 
mixed to the transmission frequency f 2n by use of the local 
oscillator frequency f B ,2n at the base station end. The 
transmission frequency f 2n is used for the downlink 
transmission 2 from the base station to the mobile station. 

20 The radio- frequency signal which is received by the mobile 

station Mi is down-mixed to the intermediate frequency band 3 
by the local oscillator frequency f M i,2n which is produced at 
the mobile station end, with the intermediate frequency band 3 
being at the frequency -Af . The intermediate frequency signal 

25 is then evaluated further. 
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For the uplink transmission, the baseband signal 4 at the 
mobile station Mi end is intended to be transmitted to the 
base station B. To do this, it is transformed up by the local 
5 oscillator frequency f M i,2n+i to the frequency f 2n +i which will be 
used for the transmission. 

In this case: 

in order that the local oscillator at the mobile station end 
does not need to be stabilized at a new frequency. The uplink 
transmission 5 from the mobile station Mi to the base station 

15 B then takes place at the transmission frequency f2n+i« Since 
the intermediate frequency signal 3 at the mobile station end 
differs from the baseband signal 4 by the frequency Af, the 
transmission frequencies that are used for the downlink 
transmission 2 and for the uplink transmission 5 must also 

20 differ by precisely Af : 

flH+l = fin + A f 

The signal which is transmitted back at the transmission 
25 frequency f 2n +i is received by the base station B and is down- 
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mixed to the intermediate frequency band by the local 
oscillator frequency f B ,2n+i there. The intermediate frequency 
signal 6 obtained in this way can then be processed further. 

5 Changing the frequency of the local oscillator should also be 
avoided at the base station end. Therefore: 

fain = A,2/!+l 

10 This can be satisfied if the intermediate frequency at the 
base station end is +Af . 

Fig. 3B shows an alternative frequency scheme. The baseband 
signal 1 at the base station end is up-mixed by the local 
15 oscillator frequency f B/ 2n to the transmission frequency f 2n / 

and is transmitted to the mobile station Mi as the data burst 
n B— >Mi" . The mobile station Mi receives the radio- frequency 
signal and down-mixes it to an intermediate frequency signal 3 
at the frequency Af by of the local oscillator frequency f M i,2n- 

20 

For the uplink transmission of the data burst "Mi— »B" , the 
baseband signal 4 is up-mixed using the local oscillator 
frequency f M i,2n+i to the transmission frequency f 2n +i that is 
used for the uplink transmission 5. The local oscillator 
25 frequency in the mobile station Mi is not changed between the 
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downlink transmission 2 and the uplink transmission 5, and 
therefore : 

5 

This results in the following relationship between the 
frequency f 2n for the downlink transmission 2 and the frequency 
f2n+i for the uplink transmission 5: 

" fln + \=f2n-¥ 

The signal which is transmitted back at the transmission 
frequency f2 n +i is received by the base station and is down- 
mixed to the intermediate frequency band at the frequency -Af 
15 by the local oscillator frequency f B/ 2n+i- The local oscillator 
frequencies f B ,2n and fa,2n+i are then related as follows: 

fB,2n = /i9,2n+l 

20 The local oscillator is not restabilized between the downlink 
transmission and the uplink transmission at the base station 
end either. The intermediate frequency signal 6 can then be 
processed further at the receiver end. 



-19- 



Thus, in summary, it can be stated that there is no need to 
change over the local oscillators between a downlink 
transmission and an uplink transmission, if the transmission 
frequency for the downlink transmission f 2n and the frequency 
5 for the uplink transmission f 2n +i differ by the intermediate 
frequency Af . 
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